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FAIL-SAFE CONTROL METHOD FOR OIL
PUMP CONTROL UNIT OF HYBRID
VEHICLE

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

This application claims under 35 U.S.C. §119(a) the ben-
efit of Korean Patent Application No. 10-2008-0123600, filed

Dec. 5, 2008, the entire contents of which are incorporated
herein by reference.

BACKGROUND

(a) Technical Field

The present disclosure relates to a fail-sate control method
for an o1l pump control unit of a hybrid vehicle. More par-
ticularly, 1t relates to a fail-safe control method, which can
ensure driving performance by a fail-safe or limp-home con-
trol 1n the event of a failure of an electric o1l pump for a hybrid
vehicle, an o1l pump control umit, or a CAN communication
line.

(b) Background Art

In a hybrid vehicle, a mechanical o1l pump mounted in the
automatic transmission (ATM) can supply hydraulic pressure
to the automatic transmission only when the vehicle 1s driven
(automatic transmission input speed=>600 rpm, for example).

An external electric o1l pump (OP) mounted 1n the hybnid
vehicle generates hydraulic pressure (e.g., 10.5 bar) in a
hydraulic circuit (valve body) 1n the automatic transmission
and 1n the engine clutch even 1n the event that an engine 1s
stopped such as 1n electric vehicle (EV) mode, idle stop mode,
etc.

In EV mode in which the hybrid vehicle 1s driven only by
the electric motor, since the output torque of the electric
motor 1s transmitted to an output shatt through the automatic
transmission, 1t 1s necessary, when the engine 1s stopped, to
apply a predetermined torque capacity to the automatic trans-
mission by receiving the hydraulic pressure from the electric
o1l pump.

However, in the event that the engine of the hybrid vehicle
1s driven at a low speed (e.g., driven at less than about 600
rpm) or stopped, 11 a motor of the electric o1l pump 1s oif due
to 1ts failure or due to a failure of a CAN communication line
or an o1l pump control unit, the supply of hydraulic pressure
to the automatic transmission and the engine clutch becomes
zero or msuificient, and thus the output of the electric motor
may not be transmitted to an output member. Consequently, 1t
may be impossible to drive the vehicle, perform a fail-sate or
limp-home control, and ensure desired driving performance.

The above mformation disclosed 1n this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the ivention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill 1n the art.

SUMMARY OF THE DISCLOSUR.

(L]

The present invention has been made 1n an effort to solve
the above-described problems associated with prior art.
Accordingly, the present invention provides a fail-safe con-
trol method for an o1l pump control unit of a hybrid vehicle,
which can ensure driving performance by a fail-safe or limp-
home control in the event of a failure of the electric o1l pump
for a hybnid vehicle, an o1l pump control unit (OPU) for a
hybrid vehicle, or a CAN communication line.
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For this purpose, in the event of a failure of the CAN
communication line, a hard wire 1s alternatively used to

directly control an automatic transmission control unit (TCU)
and the o1l pump control unit (OPU) with wire pins, or a motor
control unit measures the rotation speed (Nmot) of an electric
o1l pump motor to control the electric o1l pump motor, or the
transmission control unit (TCU) controls an underdrive brake
(UD_BRAKE) 1n on/oiff mode or in slip mode until a
mechanical o1l pump 1s driven, thus enabling a limp-home
control.

In one aspect, the present ivention provides a fail-safe
control method for an o1l pump control unit of a hybnd
vehicle, the method comprising the steps of: (a) determining
whether an o1l pump system 1s off due to a failure of an o1l
pump control unit or an electric o1l pump or whether a CAN
communication line of the o1l pump control unit 1s off; when
the engine of the vehicle 1s driven at a predetermined speed
(e.g., less than 600 rpm) or stopped (b) determining whether
a hard wire 1s on or off, when the CAN communication line 1s
oil; (¢) operating an o1l pump driver by directly connecting
the o1l pump control unit to an automatic transmaission control
unit using the hard wire, when the hard wire 1s on 1n step (b),
thus operating a motor of the electric o1l pump; (d) controlling
the o1l pump driver itself by controlling the rotation speed of
the motor of the electric o1l pump through a motor control
unit, when the hard wire 1s off 1n step (b); (e) operating the
motor of the electric o1l pump by controlling the rotation
speed of the motor of the electric o1l pump through the motor
control unit, when the CAN communication line of the o1l
pump control unit 1s 1n a normal state and the CAN commu-
nication line of the automatic transmission control line 1s in a
tailure state at step (d); (1) operating the motor of the electric
o1l pump by driving the o1l pump driver at a predetermined
speed (e.g., 1st speed), when there 1s a failure 1n the CAN
communication line of the o1l pump driver at step (d); and (g)
turning off the motor of the electric o1l pump 1n the event of a
tailure of the o1l pump driver or the motor of the electric o1l
pump, when the o1l pump system 1s off.

It 1s understood that the term ““vehicle” or “vehicular” or
other similar term as used herein 1s inclusive of motor
vehicles 1in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercrait including a variety of boats and
ships, aircrait, and the like, and includes hybrid vehicles,
clectric vehicles, plug-in hybnd electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle 1s a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

The above and other features of the invention are discussed
inira.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described 1n detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 11s aschematic diagram 1llustrating a fail-sate control
process for an o1l pump control unit of a hybrid vehicle in
accordance with the present invention;

FIG. 2 1s a schematic diagram 1llustrating fail-safe control
conditions when an o1l pump system 1s oif in accordance with
the present invention;
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FIG. 3 1s a system configuration diagram 1illustrating the
operation of an external electric o1l pump;

FI1G. 4 1s a graph showing test results of a limp-oif road in
accordance with the present invention;

FIG. 5 1s a schematic diagram 1llustrating a portion of a
driving unit of a hybnid vehicle; and

FIG. 6 1s a schematic diagram illustrating a conventional
tail-sate control.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various preferred features 1llustrative of the basic
principles of the imnvention. The specific design features of the
present invention as disclosed herein, including, for example,
specific dimensions, orientations, locations, and shapes will
be determined 1n part by the particular intended application
and use environment.

In the figures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference will now be made 1n detail to various
embodiments of the present invention, examples of which are
illustrated 1n the accompanying drawings and described
below. While the mvention will be described 1n conjunction
with exemplary embodiments, 1t will be understood that
present description 1s not intended to limit the mvention to
those exemplary embodiments. On the contrary, the invention
1s intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other
embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.

The present invention aims at providing a fail-safe control
method for an o1l pump control unit of a hybrid vehicle, in
which when the engine of the hybrid vehicle 1s driven at an
automatic transmission input speed of less than a certain
RPM value (e.g., 600 rpm) or stopped, 1n the event of a failure
of an electric o1l pump or an oil pump control unit (OPU)
controlling the electric o1l pump, the output of an electric
motor 1s transmitted to an output member such that the torque
limit (Torque_Limit) of a motor control unit (MCU ) 1s limited
to provide a normal vehicle control, a fail-safe control (safe
control in the event of failure), or a limp-home control (mini-
mum driving 1n the event of failure), the automatic transmis-
s10n 15 driven by controlling a minimum driving torque (e.g.,
5 to 10 km/h) and a creep torque, and an automatic transmis-
sion control unit (TCU) on/off controls an underdrive brake
(UD_BRAKE) until a mechanical o1l pump in the automatic
transmission 1s driven, thus enabling a limp-home control.

Moreover, 1n the event of a failure in a CAN communica-
tion line of the o1l pump control unit (OPU), the automatic
transmission control unit (TCU) and the o1l pump control unit
(OPU) are directly connected via a hard wire, thus enabling
transmission and reception of signals.

FIG. 11s aschematic diagram 1llustrating a fail-safe control
process for an o1l pump control unit of a hybrid vehicle in
accordance with the present invention, and FIGS. 3 and §
show a system configuration diagram illustrating the opera-
tion of an external electric o1l pump.

Referring to FIGS. 3 and 3, an automatic transmission 1s
equipped with a mechanical o1l pump and an electric o1l pump
in a cooperative manner. The o1l pumps are configured to
supply o1l to a press control solenoid valve which generates
hydraulic pressures to control an engine clutch. The electric
o1l pump 1s controlled by an o1l pump control umt (also
referred to herein as “OPU”) that 1s powered by a battery via
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a relay. The OPU 1s designed to communicate with a motor
control unit (MCU) and a transmission control unit (TCU) via
CAN communication lines. Further, the OPU and the electric
o1l pump are connected with each other via a hard wire. A hard
wire connection also 1s provided between the TCU and the
OPU.

When an engine of a hybrid vehicle 1s driven at less than a
certain rpm value (e.g., 600 rpm) or stopped, 1t 1s determined,
as shown 1n FIG. 1, whether there 1s a failure 1n an electric o1l
pump (OP), an o1l pump control unit controlling the electric
o1l pump, or a CAN communication line of the oil pump
control unit.

If 1t 1s determined that there 1s a failure of a CAN commu-
nication line and 1t 1s due to a time-out or bus-ofl, 1t 1s deter-
mined whether there 1s a failure 1n a hard wire.

In the event of a time-out or bus-oif, the CAN communi-
cation line 1s 1n OFF state, but the hard wire 1s in ON state.
Thus, an automatic transmission control unit controlling an
automatic transmission (ATM) and an o1l pump control unit
are connected via the hard wire to transmit a speed command
signal of the automatic transmission control unit (TCU) to an
o1l pump driver (OPD).

Then, the o1l pump driver recerving the speed command
signal 1s shifted to a certain speed stage (e.g., 3rd speed) to
operate a motor of the electric o1l pump.

Meanwhile, 11 1t 1s determined that there 1s a failure 1n the
hard wire as well as 1n the CAN communication of the o1l
pump control unit, the rotation speed (Nmot) of the motor 1s
controlled through a motor control unit (MCU) for control-
ling the motor of the electric o1l pump to control the o1l pump
driver (OPD) 1tself.

Here, the o1l pump driver (OPD) for driving the electric o1l
pump 1s controlled as follows. If the CAN commumnication
line of the o1l pump driver (OPD) 1s in a normal state and the
CAN communication line of the automatic transmission con-
trol unit 1n a failure state, the rotation speed (Nmot) of the
motor 1s controlled by the motor control unit to operate the
motor of the electric o1l pump. Otherwise, 11 there 1s a failure
in the CAN communication line of the o1l pump driver (OPD),
the o1l pump driver (OPD) 1s not variably controlled, regard-
less of whether or not there 1s a failure 1n the CAN commu-
nication line of the automatic transmission control unit, but 1s
driven at a certain speed (e.g., 1st speed), thus operating the
motor of the electric o1l pump.

FIG. 2 1s a schematic diagram 1llustrating fail-safe control
conditions when an o1l pump system 1s oif in accordance with
the present invention.

As shown in FIGS. 1 and 2, 1n the event of a failure of an o1l
pump system such as the electric o1l pump and the o1l pump
control unit, the o1l pump driver (OPD) 1s 1n a failure state or
the motor of the electric o1l pump 1s 1n a failure state, and thus
the motor of the electric o1l pump 1s turned off. As a result, the
clectric o1l pump cannot supply hydraulic pressure to the
automatic transmission and an engine clutch. The automatic
transmission control unit then drives an electric motor to
on/off control an underdrive brake (UD_BRAKE) of the
automatic transmission until a mechanical o1l pump 1n the
automatic transmission 1s driven, or opens the engine clutch
to provide a limp-oil road. Accordingly, in the event of a
failure of the o1l pump driver or the o1l pump 1itself, the
minimum driving o the vehicle (withine.g., Sto 10km/h) can
be achieved, and the torque of the electric motor 1s limited to
protect the automatic transmission.

FIG. 4 15 a graph showing test results of a limp-off road 1n
accordance with the present invention.

The test was performed to determine whether the auto-
matic transmission control unit can control the UD BRAKE
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in on/oil mode or 1n slip mode while satistying the following
conditions 1n order to protect the automatic transmission.
Condition 1: The motor of the electric o1l pump or the o1l

pump control unit 1s 1n a failure state.
Condition 2: Accelerator pedal module (APM) 1s less than
10%.

Condition 3: The automatic transmission 1s 1n a drive
range.

Condition 4: The rotation speed of the electric motor 1s less
than 700 rpm.

The trip distance (ODQO) was limited to less than 2 km to
ensure the durability of the automatic transmission while
satistying the above conditions 1 to 4 and, as a result, 1t was
confirmed that the vehicle could be driven while controlling

the UD_BRAKE i1n the automatic transmission (ATM) in

on/oif mode or 1n slip mode and operating warning lights.
Among others, as shown 1n FIG. 4, when an accelerator

pedal module (APM) was 0%, the vehicle could be driven at

a creep speed of about 6 km/h by turning on the electric motor
and controlling the UD_BRAKE. Moreover, i the rotation
speed of the electric motor was increased by limiting the
accelerator pedal module (APM) to less than 10% to protect
the automatic transmission, the vehicle could be driven at
about 20 km/h.

As described above, according to the fail-safe control
method for the o1l pump control unit of a hybrid vehicle, in the
event of a failure of the CAN communication line of the oil
pump control unit, the automatic transmission control unit
(ATM) and the o1l pump control unit (OPU) are directly
connected via a hard wire to control the o1l pump driver
(OPD), thus enabling the vehicle to be normally driven.

Moreover, 1n the event of a failure of the o1l pump control
unit or the electric o1l pump, the rotation speed of the motor of
the electric o1l pump 1s controlled by the motor control unit
(MCU), or the underdrive brake (UD_BRAKE) 1s controlled
in on/oil mode or slip mode by the automatic transmission
control umt until the mechanical o1l pump i1s driven, thus
enabling the vehicle to be driven 1n a limp-home mode.

The mnvention has been described in detail with reference to
preferred embodiments thereof. However, it will be appreci-
ated by those skilled 1n the art that changes may be made 1n
these embodiments without departing from the principles and
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spirit of the invention, the scope of which 1s defined 1n the
appended claims and their equivalents.

What 1s claimed 1s:

1. A fail-safe control method for an o1l pump control unit of

a hybrid vehicle, the method comprising the steps of:

(a) determining whether an o1l pump system 1s off due to a
failure of an o1l pump control unit or an electric o1l pump
or whether a CAN communication line of the o1l pump
control unit 1s off, when the engine of the vehicle 1s
driven at a predetermined speed of less than a certain

RPM value or stopped;

(b) determining whether a hard wire 1s on or oif, when the
CAN communication line 1s off;

(¢) operating an o1l pump driver by directly connecting the
o1l pump control unit to an automatic transmission con-
trol unit using the hard wire, when the hard wire 1s on 1n
step (b), thus operating a motor of the electric o1l pump;

(d) controlling the o1l pump driver 1tself by controlling the
rotation speed of the motor of the electric o1l pump
through a motor control unit, when the hard wire 1s off in
step (b):;

(¢) operating the motor of the electric o1l pump by control-
ling the rotation speed of the motor of the electric o1l
pump through the motor control unit, when the CAN
communication line of the oil pump control unit 1s 1n a
normal state and a CAN communication line of an auto-
matic transmission control line 1s 1n a failure state at step
(d);

(1) operating the motor of the electric o1l pump by driving
the o1l pump driver at a predetermined speed, when there
1s a failure 1n a CAN communication line of the o1l pump
driver at step (d); and

(g) turning oif the motor of the electric o1l pump in the
event of a failure of the o1l pump driver or the motor of
the electric o1l pump, when the o1l pump system 1s off.

2. The method of claim 1, wherein at step (g), 11 an accel-

erator pedal module has an operating ratio of less than 10%,
if the rotation speed of an electric motor 1s less than 700 rpm,
and 11 the automatic transmission 1s 1n a drive range, the
transmission control unit controls an underdrive brake (UD_
BRAKE) 1n on/off mode or in slip mode until a mechanical o1l
pump 1s driven.
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